Background Neuroendocrine tumors of the small intestine commonly metastasize to regional lymph nodes (LNs). Single-institution reports suggest that removal of LNs improves outcome, but comprehensive data are lacking. We hypothesized that the extent of lymphadenectomy reported in a large administrative database would be associated with overall survival for jejunal and ileal neuroendocrine tumors. Methods A search of the Surveillance Epidemiology and End Results database was performed for patients with jejunal and ileal neuroendocrine tumors from 1977 to 2004. Descriptive patient characteristics were collected to include age at diagnosis, sex, race, grade, primary tumor size, LN status, number of LNs resected, presence of distant metastasis, and the type of operation. Statistical analyses were limited to patients with only one primary tumor to exclude patients with other malignancies. Univariate and multivariate analyses were performed to analyze the number of LNs resected and the LN ratio (number of positive LNs/total number of LNs removed) to determine the effect on cancer-specific survival. Results Altogether, 1,364 patients were included in this analysis. Removal of any LNs was associated with improved cancer-specific survival when compared to patients with no LN removal reported (p = 0.0027) on univariate analysis. Among those who had any LNs removed, a median of eight LNs were identified in resection specimens with a median LN ratio of 0.29 (range 0-1). On multivariate analysis (adjusting for age and tumor size), patients with [7 LNs removed experienced better cancerspecific survival than those with B7 LNs removed (median survival not reached vs. 140 months): hazard ratio and 95 % confidence interval were 0.573 (0.402, 0.817) (p = 0.002). Conclusions This review of a large number of surgical patients demonstrates that regional mesenteric lymphadenectomy in conjunction with resection of the primary tumor is associated with improved survival of patients with small bowel neuroendocrine tumors.
Introduction
Neuroendocrine tumors of the small intestine comprise one of the most common small bowel malignancies in the United States [1] . The prognosis is poor, with a 5-year survival rate near 60 % [2] . Unlike other malignancies, lymph node (LN) metastases associated with small bowel neuroendocrine tumors tend to be bulky and may cause intestinal obstruction and mesenteric ischemia [2, 3] . As many as 41 % of patients with jejunal or ileal neuroendocrine tumors have LN metastases at the time of diagnosis [3] . Consequently, a proposed treatment strategy includes surgical resection of the primary tumor and regional LNs to prevent bulky metastasis and its effects. Single-institution reports have demonstrated that resection of the primary tumor with regional mesenteric lymphadenectomy improves survival and reduces symptoms even in patients with liver metastasis [4] .
The 2010 National Comprehensive Care Network (NCCN) guidelines recommend that patients with jejunal or ileal neuroendocrine tumors undergo small bowel resection with regional lymphadenectomy if it can be accomplished without compromising large amounts of small bowel. Because small bowel neuroendocrine tumors are often multifocal, complete examination of the small bowel is also recommended. These guidelines, however, do not specify the extent of lymphadenectomy (number of LNs removed) needed to achieve the largest survival benefit. Using a large, administrative database, we hypothesized that the analysis of lymph nodes removed at operation would provide a statistical means to determine the extent of lymphadenectomy (expressed in number of lymph nodes examined) necessary to achieve an improved overall survival for patients with jejunal and ileal neuroendocrine tumors.
Methods
A search of the Surveillance Epidemiology and End Results (SEER) database was performed to identify patients with jejunal and ileal neuroendocrine tumors from 1977 to 2004. Patients with the following histologic subtypes coded in the SEER database were included in this analysis: carcinoid tumor, enterochromaffin cell carcinoid, goblet cell carcinoid, composite carcinoid, neuroendocrine carcinoma. Descriptive patient characteristics were collected, including age at diagnosis, sex, race, grade, primary tumor size, LN status, number of LNs resected, presence of distant metastasis, and type of operation. Because this study was focused on cancer-specific survival from small bowel neuroendocrine tumors, patients with additional primary tumors of other disease sites, unknown or noncancer-related causes of death, and unknown or no surgical intervention were excluded from the analysis (Fig. 1) ) were used to compare the distributions of continuous variables. The distribution of overall survival was estimated using the Kaplan-Meier method, and differences in survival between groups were performed using log-rank tests. Regression analyses of survival data, based on the Cox proportional hazards model, were conducted on overall survival to determine the effects of clinicopathologic factors. Classification and regression tree (CART) analysis was used to determine binary cutoff points of the number of LNs removed during mesenteric lymphadenectomy to determine which patients achieved improved cancer-specific survival. Statistical analyses were performed using SAS for Windows (release 9.1; SAS Institute, Cary, NC, USA) and S-Plus version (Version 8; Insightful, Seattle, WA, USA).
Results
A search of the SEER database identified 3,548 patients with jejunal or ileal neuroendocrine tumors. Patients were excluded from further analysis if they had one or more of the following characteristics: more than one primary tumor (n = 1,140), died of non-cancer-related or unknown causes (n = 856), underwent no surgical intervention (n = 237), the type of operation was unknown (n = 64), or there was inadequate information available to stage the patients (n = 505). After excluding the above patients, 1,364 were left for analysis ( Fig. 1 ). Among this group, 704 (52 %) were male. In all, 1,199 (88 %) had primary tumors in the ileum. The median tumor size was 2 cm, the median age at diagnosis was 60 years, and the mean and median followups for all 1,364 patients were 59 and 39 months, respectively. The overall survival of the patients included in this data set was significantly different when stratified by stage (p \ 0.0001 (Fig. 2) ).
The results of the statistical comparison between patients in whom no lymph nodes were examined versus those in whom at least one lymph node was removed are displayed in Table 1 . Patients were more likely to undergo removal of at least one lymph node if they were young (p = 0.0023), had a large primary tumor (p = 0.021), had no evidence of distant metastatic disease (p \ 0.0001), or had a primary tumor of ileal origin (p = 0.0057). Removal of at least one LN was associated with improved survival when compared to patients with no LNs removed on univariate analysis [p = 0.0027; hazard ratio (HR) 0.64, 95 % confidence interval (CI) 0.48-0.86], but not multivariate analysis when adjusted for age, histology, tumor size, and overall stage (p = 0.14; HR 0.93, 95 % CI 0.62-1.38).
Further analysis was performed on patients who had at least one LN removed (n = 1,143) (Fig. 1) . Among this group, a median of eight LNs were identified in resection specimens with a median lymph node ratio (LNR) of 0.29 (range 0-1). Within this patient group, longer overall survival was associated with those who were younger in age (p \ 0.001), had smaller primary tumors (p \ 0.001), had primary tumors of ileal origin (p = 0.042), or who had no evidence of metastases to regional LNs (p = 0.05) or distant sites (p \ 0.0001). Univariate and multivariate analysis was performed on the median number of LNs removed (=8) and the median LNR (=0.29). Importantly, improved overall survival was also associated with removal of [8 LNs (p = 0.05) or a LNR of \0.29 (p = 0.0019) ( Table 2) . Examination of more than eight lymph nodes (p = 0.0231, HR 0.66, 95 % CI 0.46-0.94) or an LNR of \0.29 (p = 0.029, HR 1.5, CI 1.04-2.15) were both significantly associated with overall survival by multivariate analysis (Table 3) .
Using CART analysis (adjusting for age and tumor size), patients with [7 LNs removed at operation experienced a better cancer-specific survival over those with B7 LNs removed (median survival not reached vs. 140 months; p = 0.002, HR 0.573, 95 % CI 0.402-0.817). This relation is expressed in the K-M plot in Fig. 3a (p = 0.001) . The influence of an LNR of greater or less than 0.29 on overall survival is demonstrated in the K-M plot in Fig. 3b (p = 0.001). 
Discussion
Our analysis demonstrated that patients who underwent resection of mesenteric lymph nodes achieved improved cancer-specific survivals. Despite recommendations from the NCCN, roughly 16 % of patients in this study did not have any mesenteric lymph nodes removed for jejunal or ileal neuroendocrine tumors. According to the SEER database, patients who underwent lymph node resection were more likely to be young, have large tumors, and have primary tumors of ileal origin. Also, patients with lower LNRs exhibited better survival. The extent of regional lymphadenectomy for ileal and jejunal neuroendocrine tumors required to achieve a benefit in cancer-specific survival is unclear, but there are data to suggest that resection of mesenteric lymph nodes improves survival [4] . Neuroendocrine tumors were often thought to be indolent, especially because the primary tumor is usually small. As a result, aggressive surgical resection was not always performed [5, 6] . However, more recent studies have demonstrated that an R0 resection results in better overall survival [4, 7] .
Even though the performance of a mesenteric lymph node dissection for patients with jejunal and ileal neuroendocrine tumors has been linked to improved patient outcome, removal is not always possible. Mesenteric metastases frequently occur with these tumors, and they are often much larger than the primary tumor [8] . Local effects of serotonin and other growth factors may cause a fibrotic reaction in the mesentery that can lead to mesenteric encasement of vessels. Because of the concern of compromising the blood supply to large portions of small bowel, mesenteric lymph node dissection is not performed in as many as 33 % of patients with mesenteric lymph node metastases [4, 8] .
Unlike the literature for colon adenocarcinoma, there is a lack of published evidence to support the extent of lymph node dissection required to ensure the best outcome for patients with jejunal and ileal neuroendocrine tumors. The purpose of our analysis was to help define a target number of lymph nodes to remove. We found that removal of at least eight lymph nodes predicted a better overall survival on both univariate and multivariate analyses. Even though this information is limited because it was not confirmed with a separate database of patients, it still can be applied to clinical practice. Not only can this information be used by surgeons as a guide at operation, but it can be used to help dictate appropriate follow-up. For instance, patients with a large number of lymph node metastases are at higher risk for developing liver metastasis. By following these patients more frequently with serial imaging, liver metastases may be identified early and treated accordingly. Moreover, as targeted therapies and chemotherapeutic regimens are developed for this disease, the ability to stage these patients appropriately will help determine the need for adjuvant therapy as it does for other malignancies. Clinical trials at the University of Texas M. D. Anderson Cancer Center have already demonstrated antitumor activity in patients receiving everolimus with octreotide long-acting repeatable (LAR) [9, 10] .
An increasing LNR confers a poorer prognosis according to both univariate and multivariate analyses. The true significance of this variable as an independent predictor of overall survival remains to be determined. Many of the patients in the SEER database did not undergo adequate lymphadenectomy and may have not been adequately staged. As a result, the calculated ratio may have been affected.
Our analysis has several limitations. First, the study was retrospective and involved a large, population-based database across several states with a large number of missing variables. The SEER database does not provide the reason why mesenteric lymphadenectomy was not performed, and all stages of disease were represented in this group. Some patients likely had unresectable disease, and others may have not undergone lymph node removal because the surgeon was not aware of the pathologic diagnosis at the time of operation. Also, the degree of differentiation (grade) was not included in the analysis because information in the database was limited to a few patients. Likewise, several patients were eliminated from the analysis if they had noncancer-related causes of death or multiple primary tumors. There was no information on disease-free survival, imaging characteristics, specific details of chemotherapy, or specific details regarding operative intervention. The combination of limited information along with the potential error of multiple contributors from different centers may have affected the results. On the other hand, using data from the SEER database provides the ability to evaluate large numbers of patients with long-term follow-up. The rarity of neuroendocrine tumors of the small bowel makes it difficult to evaluate large numbers of patients at a single institution. Although our data set may not be ideal, the data do show that mesenteric lymphadenectomy improves overall survival. Our results require validation in a large, prospective setting at a tertiary care center.
Conclusions
This review of a large number of surgical patients demonstrates that regional mesenteric lymphadenectomy that includes at least eight lymph nodes in conjunction with resection of the primary tumor is associated with improved survival in patients with small bowel neuroendocrine tumors. Likewise, a higher LNR is associated with a worse cancer-specific survival. Because of the limitations of the SEER database, further evaluation is required in the setting of a prospective clinical trial.
